Introduction The purpose/aim of the study conducted was to compare the efficiency between two principles of plating system, 3D non locking mini plates versus 3D locking mini plates. Materials and Methods A total of 20 adult patients were selected according to the inclusion criteria and divided into two groups of locking plates/screws and non-locking plates/screws of ten each. All patients were treated with 2.0 mm 3D locking and non locking mini plates and screw system. Comparison of ease of use, functional stability, operator's comfort were tabulated. Results A total of 27 fractures in 20 patients were treated. Each group contained ten patients. Fracture reduction was good in all the cases. At the follow up of 3 months, all fractures had healed, only one patient had a occlusal discrepancy. Conclusion There was no difference in the stability in both the groups. Intra operatively locking group consumed more time in fixation as it demands precision in making a hole exactly in the centre of plate necessitating the use of drill guide. Clinical and radiographic healing was good in both the groups.
Introduction
The management of mandibular fracture aims to restore an anatomical form and function. Traditional indirect wiring techniques for closed reduction achieve satisfactory occlusion with bone healing but may not restore anatomical reduction. In past few decades many different techniques of open reduction and internal fixation (ORIF) have emerged showing varying success rates. Michelet et al. in 1973, developed small plates and monocortical screws to fix mandibular fractures through transoral incisions.
The Champy's technique, as it later became known, uses intraoral incisions, mini plates, and monocortical screws. The plates are placed along ideal lines of osteosynthesis. The advantages of this technique are the avoidance of cutaneous incisions, reduced facial and inferior alveolar nerve injury, and reduced operating time. The critics of the Champy's technique cite the lack of absolute rigidity with the smaller plates and the apparent requirement for patient compliance with a liquid to soft diet during healing as a major limitation of this technique [1] .
The shortcomings of rigid and semi-rigid fixation led to the development of 3 dimensional (3D) miniplates, consisting of two 2-hole miniplates with gap which are interconnected by vertical cross struts. The concept of 3D titanium plates were developed and were reported first by Farmand and Dupoirieux. Unlike compression and reconstruction plates, their stability does not derive from the thickness of the plate [2] .
In 1913, Lambotte had found that, if the anatomic reduction of fracture fragments had been done, then this specially designed plate offered sufficient stability without further immobilization, and that this system was superior to that in use at the time using wiring osteosynthesis. However this method did not gain popularity; this might be attributed to the lower biocompatibility of the material and because treatment methods using closed reduction were preferred.
The shape of three-dimensional titanium plates is based on the principle of the quadrangle as a geometrically stable configuration for support. Because 3D stability is achieved by the geometric shape that forms a cuboid, compared with standard miniplates and reconstruction plates, the thickness of these plates is reduced to 1 mm. The basic form is a quadrangular 2 9 2 hole square plate; square or rectangular 3 9 2 or 4 9 2 hole plates are also available. Few experimental studies on biomechanics have confirmed sufficient stability of the 3D plating system; only a few clinical studies are reported in the literature [3] . Studies [2] [3] [4] quote comparison made between miniplates and 3D miniplates. At the beginning of this study to our knowledge there were no studies published in the literature comparing 3D locking versus 3D non-locking miniplates. Hence, this study was conducted to understand the ease and efficacy between these two designs of plates and screws.
Materials and Methods
Patients who reported to the Department of Oral and Maxillofacial surgery with trauma were selected according to the following inclusion criteria: Patients with mandibular fracture were included in the study. Twenty patients were selected and divided into two equal groups of ten each for the study.
Group A: 10 Patients/Non-locking Group
Patients underwent osteosynthesis using three-dimensional 2.0 mm titanium miniplates and self tapping 6 mm 9 2.0 mm screws.
Group B: 10 Patients/Locking Group
Patients underwent osteosynthesis using three-dimensional locking 2.0 mm titanium miniplates and pre-tapped 6 mm 9 2 mm screws (Figs. 1, 2) .
Armamentarium:
Non-Locking Locking
Plating kit 4 4
Transbuccal system 4 4
Drill guide 9 4
Self tapping screws 4 9
Pre tapped screws X 4
Technique
Non locking plates and screws After achieving the anatomic reduction, vertical arm of the plate was placed parallel to the fracture line, screws were placed perpendicularly (Figs. 3, 4) . Locking plates and screws After achieving the anatomic reduction, vertical arm of the plate was placed parallel to the fracture line, drilling was done perpendicular to plate with help of drill guide, screws were placed perpendicularly to achieve proper head fit into the plate threads. • Anatomic reduction.
• Plate positioning 5 mm below the alveolar crest, avoiding the teeth roots and parallel to the fracture line.
• Screws placed perpendicularly in a diagonal pattern.
• Checked manually for stability of fracture.
Statistics
The results of the study were subjected to statistical analysis by applying the following tests: 
Results
A total of 20 patients (18 males, 2 females) met the inclusion criteria and were included in the study. They were divided equally into two groups of 10 patients each. Locking plate group consisted of 2 females and 8 males. In non-locking plate group all patients were males. The average age in locking group was 25.5 ± 7.79 and average age in non-locking group was 27.2 ± 11.35. The cause of trauma was road traffic accident (RTA) in 15 patients, assault in 3 and fall in 2.
Total number of days for reporting after trauma, locking group mean was 5.0 ± 5 and mean for non-locking was 3.0 ± 2. A series of pre-operative parameters recorded included, pain, swelling, mouth opening, neurosensory deficits, occlusion, sites of fractures, requirement for maxilla-mandibular fixation (MMF), teeth in line of fractures and inferior alveolar canal continuity. A total of 27 fractures were treated in 20 patients. Single fractures occurred in 13 patients and double fractures occurred in 7 patients ( Table 1) .
The patients who got the treatment done under general anesthesia, three from locking plate group and five from nonlocking group, rest of the patients were treated under local anesthesia. Intra operatively MMF was done in four patients and manual reduction in six patients in locking group. In nonlocking group MMF was done in seven patients.
Intraoperative Records
A total of 12 3D plates were used (square/rectangular) in locking group and 15 3D plates (square/rectangular) were used in non-locking group ( Table 2) .
The teeth in fracture line were extracted only if they were grade III mobile/carious/fractured/pathologically involved. Therefore, in Locking group, in 3 patients teeth in fracture line were extracted and in non-locking group, 5 patients teeth in fracture line were extracted.
Operating time in minutes was recorded for both the groups from fracture exposure till the last screw placement. In locking plates group (Fig. 5 ) the average time recorded for different sites were as follows; symphysis 18 ± 9.89, parasymphysis 13.6 ± 7.02, body 20 ± 7.07, angle 27.33 ± 3.05. For non-locking group (Fig. 6 ), parasymphysis was 13.33 ± 3.72, body 17 ± 4.24 and angle 23.66 ± 12.22.
MMF was required in four patients from locking group and seven patients from non-locking group who had two mandibular fractures; rest of the patients (six from locking and three from non-locking group) with single fractures were fixed using manual reduction.
The difference in time taken to fix the symphysis and parasymphysis fractures in both groups was negligible, i.e., \1 min. In case of body and angle fractures, the locking group took 3-4 min additionally in comparison to nonlocking group.
Operator comfort was recorded on a 1-10 scale. The locking group comfort were noted as; angle 5.6 ± 2.08, parasymphysis 3 ± 1.41, symphysis 2.5 ± 0.70, body 3 ± 1.41. In non-locking group; angle 4.4 ± 0.54, parasymphysis 1.8 ± .44, body 1.5 ± .70. Transbuccal system was utilized to fix the fractures in three cases of locking group and six cases of non-locking group.
Postoperative radiographs were taken subsequently and satisfactory reduction was seen in all the cases.
Postoperatively (Tables 3, 4 , 5, 6, 7, 8) mean pain for locking group at 1 week was 3.2 ± 1.22, at 1 month 2 ± 1.56, at 3 months was 1 ± 0. For non-locking group at 1 week was 3.4 ± 1.26, at 1 month 1.9 ± .567, at 3 months was 1 ± 0.
The swelling was not found be a major statistically significant factor in both the groups. At the end of 1 week the values recorded for both the groups had marginal difference from pre-operative swelling. At the end of 2 weeks swelling had regressed considerably to near normal values.
Neurosensory deficit for locking group at 1 week was present in two patients, at 1 and 3 months none of the patients had neurosensory deficiency. For non-locking group at 1 week neurosensory deficit was present in one patient, at 1 and 3 months none of the patients had neurosensory deficiency.
Mean masticatory efficiency in locking group at 1 week was 6.7 ± 2.16, at 1 month 3.4 ± 2.17, at 3 months 1 ± 0. For non-locking group at 1 week it was 7.7 ± 1.05, at 1 month 4.5 ± 2.06, at 3 months 1.2 ± 0.421.
Mean mouth opening for locking group at 1 week was 26.5 ± 13.335, at 1 month 33.3 ± 9.7188, at 3 months 34.5 ± 8.29. For non-locking group at 1 week it was Maxillo-mandibular fixation in locking group was done in one patient for 1 week only. In non-locking group none of the patients had to undergo maxilla-mandibular fixation.
In our study one patient each in both locking and nonlocking groups had to be put on elastics for a brief period of 1 week to correct minor occlusal discrepancy.
In locking group occlusion was good at 1 week, 1 and 3 months. In non-locking group at 1 week occlusion was good in nine patients and poor in 1 at 1 month good in nine patients and poor in one patient, at 3 months good in nine patients and satisfactory in one patient.
Radiographic healing was not present at 1 week, at 1 month was satisfactory and good at 3 months in both the groups.
Discussion
This study aimed to evaluate the ease and efficacy between the 3D locking versus non-locking plate and screws in mandibular fractures. The study group consisted of 20 patients, 10 patients each in group A (non-locking plates and self-tapping screws) and group B (locking plates and pre tapped screws). Locking group consisted of 8 males In our study the etiology of trauma was predominated by RTA (75 %), assault (15 %) and fall (10 %) which was found similar to Gandhi and Kattimani [6] study [RTA (75 %), assault (15 %), others (20 %)]. The etiology varied greatly when compared to the studies conducted in developed countries. Guimond et al. [7] study showed different etiology for trauma dominated by assault (81.1 %), fall (10.8 %) and RTA (8.1 %).
The patients reporting after trauma varied from 1 to 17 days. More than 3 weeks of trauma, infected or malunited fractures were not included in the study. The study did not find any difference in managing late reporting fractures except for time consumed in debriding fracture site off callus to see the fracture edges clearly before anatomical reduction. Lucca et al. [8] compared fracture management difference in early (less than 48 h) with late treatment (more than 48 h). The authors stated that there no statistically significant finding evident but the late operated fractures had the tendency for infection, malocclusion, wound dehiscence and malunion compared to early treatment.
A total of 27 fractures were treated in 20 patients. Single fractures occurred in 13 patients and double fractures occurred in 7 patients. The fractures included symphysis (2, 7.4 %), parasymphysis (11, 40 %), body (4, 14 %), angle (9, 33 %) and ramus (1, 3.7 %). Lucca et al. [8] in their study found the following order of fracture in mandible: condyle, subcondyle, angle, body and parasymphysis fractures. Kumar et al. [9] in their study found more of angle fractures followed by parasymphysis, body and ramus fractures. The patients who got the treatment done under general anesthesia, 4 from locking plate group and 5 from non-locking group, rest of the patients were treated under local anesthesia.
Intra operatively MMF (Ivy loop eyelet or Erichs arch bars) was done in four patients and manual reduction in six patients in locking group. In non-locking group MMF was done in seven patients and rest three patients were reduced manually. MMF was done in cases that had double fracture and older fracture for better control during fixation. In cases of single and fresh fractures the anatomical reduction was achieved manually followed by plating as supported in the study by Fordyce et al. [10] . Kumar et al. [2] routinely placed the patients on MMF during intra operative procedure and continued guiding elastics for a period of 1 week post operatively.
The intra-oral approaches included translabial, trapezoidal or extended wards incisions. In transbuccal approach a stab incision was made taking care of vital structures and normal crease over the skin. Wan et al. [11] explained that the relative risk of complications using the transoral The rate of complications was 1.71 times greater with the transoral technique than with the transbuccal technique. A total of 12 3D plates were used (square/rectangular) in locking group and 13 3D plates (square/rectangular) were used in non-locking group. The teeth in fracture line were extracted only if they were grade III mobile/carious/fractured/pathologically involved. Therefore, locking group, in three patients tooth in fracture line were extracted and in non-locking group, five patients teeth in fracture line were extracted. All teeth that were extracted were third molars in the angle fracture site. None of the teeth in the symphysis, parasymphysis, body region were extracted. Only one case, the anterior tooth was extruded from socket due to trauma which was removed at the time of surgery. Zix et al. [4] in their study found molars in line of fractures but were not removed.
Kamboozia and Moorthy [12] suggested to retain the teeth in line of fracture as extraction may lead to exposure of fractured site directly to oral contamination. A clinical and radiological observation to be made till 1 year and consider endodontic treatment if required.
Operating time in minutes was recorded for both the groups from fracture exposure till the last screw placement. The operating time was not found to be significantly different (0.3 s) in both the groups for symphysis, parasymphysis fractures. Whereas, in locking group angle fractures took 3-4 min more than the non-locking group. This is because the drill guide had to be used in cases of locking plates to achieve near perpendicular drill to position the screw heads accurately into the threaded plate holes. In both the groups transbuccal system was used, the advantage with non-locking plate was that it accommodated a 10°angulation of screw placement. The increased time consumed while plating is similar to the study done by Goyal et al. [13] . The authors reason for additional time at angle are due to bigger sized plates with more number of holes and transbuccal system use. Mittal et al. [14] quoted the reason for reduced time to fix 3D plates as less surgical exposure, minimal soft tissue retraction and no need to bend the plates. Khalifa et al. [15] compared miniplate and 3D plates and opined that the reduced time for fixing 3D plate was due to non-bending of plates when compared with miniplates which require near surface adaptation. Requirement of MMF Ebenzer et al. [16] at the time of surgery has been helpful to control the fractured jaws in pan facial trauma. In case of mandibular single, undisplaced and fresh fractures MMF may not be required routinely. But in more than one, unfavourable fracture and less assisting hands MMF plays an important role. In our study a total of 11 patients were operated with MMF and 9 patients with manual reduction. The MMF was done in those patients with more than one fracture and who delayed getting treated for various reasons.
Fordyce et al. [10] quoted reasons against MMF for mandibular fracture management due to the following reasons: it took nearly 40 min to place upper and lower arch bars, risk of pricks for assistant and operator, poor oral hygiene, discomfort during removal, increase in cost if performed under general anaesthesia. Ellis and Graham [17] in their study stated that MMF was mandatory before and during surgery; none of the patients were on MMF post operatively.
Operator technical comfort was calculated on a 1-10 scale. 1-3 easy, 4-7 moderately difficult and 8-10 difficult. Operators found it easy in cases of symphysis and parasymphysis fracture fixation in both the groups. Moderately difficult for body and difficult at angle plating in locking group [13] . The reason being accessibility, visibility, securing drill guide and orientation of the drill bit, which was similar to the experience in the study by Gandhi and Kattimani [6] .
The screw length was chosen as 6 mm in order to avoid vital structural injury in the mandible. The buccal cortical plate thickness was 1.78-2.01 mm at canine/premolar region, 2.6-3.18 mm at molar region as studied by AlJandan et al. [18] who also suggested the safest length of screw to be 3 mm at canine and 4 mm at molars. In our study none of the patients had injury either to the teeth root or the inferior alveolar nerve. Whereas, Mittal et al. [14] used 9 mm screws in the mandible with no significant injury to the inferior alveolar nerve.
Post operatively there was no statistically significant difference found between both the groups for pain, swelling, mouth opening, neurosensory deficits. Pain and swelling was same in both the groups and reduced at the end of 1 week. Mouth opening increased gradually after 1 week and was normal at the end of 1 month in both the groups. Two patients who experienced neurosensory deficits post operatively had pre-existing altered sensation due to trauma.
MMF was required post operatively for a period of 2 weeks (1 week of rigid MMF and 1 week of elastics) in one patient in non-locking group as patient experienced inadequate intercuspation post operatively. This patient also had undisplaced ramus fracture which was not fixed.
Masticatory efficacy was checked based on early resumption of patients normal chewing habits scored on 1-10 scale. Patients in locking group found more comfort during chewing 1 week later when compared to nonlocking group. At the end of 1 month there was no difference evident in chewing comfort in both the groups.
Richard et al. [19] in their comparative study on mechanical behaviour of locking versus non locking plate and screw system, found that the non-locking system had significant yield load, displacement and stiffness when compared with locking system. They also concluded that the degree of adaptation affected the mechanical behaviour in non-locking system. Therefore supporting our study of the reason for better masticatory comfort in locking group compared with non-locking.
Gutwald et al. [20] and Pektas et al. [21] in a cadaveric study comparing mini-locking system with conventional miniplates, subjected to mechanical loading simulating muscle forces showed the lowest gaps and torsion, best stability at the caudal border in case of mini locking plates. Authors stated that the locking principle prevents stripping, movement and loosening of screws. Fixation technique simplifies plate bending and decreases torsion or opening at the fracture site.
None of the patients had any intra oral wound dehiscence, infection, screw loosening and plate exposure post operatively. Kumar et al. [2] and Jain et al. [3] in their study encountered 2/10 patients with infection in 3D plating system which was treated with antibiotics; 2 patients out of 20 had wound dehiscence requiring re-suturing. None of the patients had to undergo plate removal due to the above mentioned reasons. Zix et al. [4] had one plate fractured at 6th week followup period. Ellis and Graham [17] in their study stated that infection rate, plate and screw loosening with other minor complications in 3D plates are at par with miniplate system. They concluded that the possible advantage of locking plate/screw fixation system are theoretical, whether clinical results can be improved could not be measured. Gutwald et al. [20] experienced complications in the region of angle followed by parasymphysis and body. Minor infections required hardware removal, and occlusal discrepancy was treated with elastics and enameloplasty. The main disadvantage they reported was cost and locking system demands precision to achieve proper plate and screw head interface lock requiring a locking drill guide.
Clinical and radiographic assessment for healing was same in both the groups at the end of 1 week. At the end of 3 months both groups had completely satisfactory bone healing. A similar healing period was evident on radiographic assessment criteria mentioned by Bouloux et al. [1] and Malhotra et al. [22] in their comparative study on 3D plates versus miniplates.
